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Characteristics of Fluid-structure Interaction of High-speed Projectile at Different

Angles of Attack of Water Entry
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Abstract: The magnitude of structural response (deformation) of a projectile during high-speed water entry plays a
crucial role in determining the projectile's safe entry into the water. Presently, numerical computational methods based
on rigid body models fail to fully elucidate the intricate coupled interactions among multiphase flow phenomena,
hydrodynamics, and projectile structural responses during the water entry process at the influence of the initial
disturbances. To address this challenge, a fluid-structure interaction numerical computational method for high-speed
water entry was developed based on principles of fluid mechanics and structural dynamics. This method was
specifically tailored to investigate the influence of the angle of attack on the high-speed water entry process of a
specific projectile, focusing on analyzing the interplay among supercavity evolution, impact loads, projectile motion,
and structural deformations under varying angles of attack. The research findings revealed the following key insights:
(1) As the angle of attack increases, a pronounced impact occurs between the lower surface of the projectile and the
supercavity wall, resulting in curvature of the supercavity wall. (2) For the specific projectile considered in the study,
an angle of attack greater than 3<triggers a secondary peak load as the tail strikes the liquid surface, inducing bending
moments from wetting and causing plastic deformation, ultimately leading to significant bending of the tail, with
maximum wetting-induced surface pressure exceeding 10 MPa. (3) At an angle of 2<of attack, although the projectile
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undergoes bending moments as a result of the concurrent loading on both the projectile head and tail, the stress of the
projectile remains below the yield strength of the material, thereby precluding plastic deformation. Consequently, for
the specific projectile, an angle of attack of 2<or less is recommended for safe water entry.

Keywords: fluid-structure interaction; high-speed oblique water entry; angles of attack; supercavity; structural

deformation; impact load
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